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AHHOTALIUA
OnHuMY 13 HanboJjiee OTTaCHBIX BPeLHBbIX OPTaHM3MOB
ILJIs pacTeHUl aBagd0TCsa GuUuToriaasmMbl. duronarore-
HbI U3 rpy1mIIel Apple proliferation (16SrX) BbI3bIBAlOT
(uTOIIIa3MO3bl Y CEMEUKOBBIX U KOCTOUKOBBIX KYJIb-
TYP, KOTOPbIE TIPUBOJSAT K OTPOMHBIM ITOTEPSIM ILJIO-
JIOBO-SITOLHOU TIPOAYKIIUY 10 BCEMY MUPY. B rpyrmmy
16SrX BXOZAT, B YaCTHOCTU, TaKUe HEeKYJIbTUBUPYE-
Mble 6akTepuu: Candidatus Phytoplasma mali, koTopas
BhI3bIBaeT 6oJie3Hb nposudepanuu gs6mouau (Apple
proliferation); Candidatus Phytoplasma pyri, KoTopas
BBI3BIBAET 60JIe3Hb UcTOIeHus rpyuiu (Pear decline);
Candidatus Phytoplasma prunorum, BbI3bIBAOIIAs €B-
POMEMCKYI0 XKEeNTYyXy KOCTOUKOBbIX (European stone
fruit yellows). [TepBble Ba BUA BKIOYEHBI B EqUHBIM
epedyeHb KapaHTUHHBIX 06beKTOB EBPa3suiICKOr0 9K0-
HOMMYecKoro coisa (EASC). HecMOTpPSI Ha TO UTO BTU
(buTOIIIA3MBI BXOAAT B OHY TPYIIITY, UM ITPUCYIITY pas3-
HbIe eCTeCTBEHHbIE PACTEHUI-X0351€Ba, HACEKOMBbIE-
TIePEeHOCUYMKH, a TaKXXe pa3JMUYHbIN Habop xapak-
TEPHBIX CUMIITOMOB Y MH(UIIMPOBAHHBIX PACTEHUH.
B cTaThe mpuBeeHbI JaHHBIE 10 M3YUYEHUI0 aHAJTUTHU-
YeCKUX XapaKTePUCTUK (Creln(pUIHOCTb U YyBCTBU-
TEJIbHOCTD) CITEU(MUYHBIX TPAUMEPOB JIJIs BhISBJIE-
HUS GUTONATOTEHHBIX MUKPOOPTAaHU3MOB U3 TPYIIITHI
Apple proliferation MeToOM TTOIMMEPA3HOM IETTHOM
peakmuu (ITLIP) B pexkriMe peajibHOTO BPEMEHU U IJIs
rocJyieiytolnei BUI0BOM naeHTU(GUKAIIUY BO30yLUTE-
Jis 3abosieBaHud Tipoiudepanuu s6aouu Candidatus
Phytoplasma mali ¢c ucnonb3oBaHueM ceuMUUHBIX
pariMepoB MeTOIOM Kiiaccuyueckoi ITIIP. B xozme sKc-
TIEPUMEHTOB ITOJIyUYeHbl KaueCTBeHHbIE CTIeIIU(DUUHbIE
TPOAYKTHI aMIIN(PUKAIINU. YCTAHOBJIEHO, UTO C I10-
MOIIbI0 UCCIIEIYEMOM TTaphl TPAalMePOB JIJIST KJIACCHU-
veckoi [P BO3BMOXXHO AVMarHOCTUPOBATh U UAEHTU-
¢puuupoBaTh Bo36yauTes npoaudepanuu A6JI0HU
B 3apakKeHHOM pPacTUTEeJIbHOM MaTepuale. B pabore
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ABSTRACT
One of the most dangerous pests for plants are phy-
toplasmas. Phytopathogens from the Apple prolifera-
tion group (16SrX) cause phytoplasmoses in pome and
stone fruit crops, which lead to huge losses of fruit and
berry products around the world. The 16SrX group in-
cludes, in particular, such uncultivated bacteria as:
Candidatus Phytoplasma mali, causing apple prolife-
ration; Candidatus Phytoplasma pyri, resulting in pear
decline; Candidatus Phytoplasma prunorum, leading to
European stone fruit yellows. The first two species are
included in the Common List of Quarantine Pests of the
Eurasian Economic Union (EAEU). Although they be-
long to the same group, these phytoplasmas have dif-
ferent natural hosts, insect vectors, and a different set
of characteristic symptoms in infected plants. The arti-
cle presents data on the study of the analytical charac-
teristics (specificity and sensitivity) of specific primers
for the detection of phytopathogenic microorganisms
from the Apple proliferation group by real-time poly-
merase chain reaction (PCR) and for subsequent spe-
cies identification of the causative agent of apple pro-
liferation Candidatus Phytoplasma mali using specific
primers classical PCR method. During the experiments,
high-quality specific amplification products were ob-
tained. It has been established that using the studied
pair of primers for classical PCR, it is possible to diag-
nose and identify the causative agent of apple prolife-
ration in infected plant material. In this work, the analy-
sis of the studied specific primers was carried out using
the NCBI Primer-BLAST online service. For research,
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OCYILIEeCTBJIEH aHAJIN3 UCCIELYeMBIX CIIeUMUIHBIX
ITpaiiMepoB C UCIIOJIb30BaHMEM OHJIalH-cepBrca NCBI
Primer-BLAST. [Is ITpOBeeHUS HCCIEN0BAHUN HC-
rmojb3oBaiu kKojutekiinio JHK duToniasm us pasiauyd-
HBIX Tpy1In: Apple proliferation, Stolbur, Foxtail palm
yellow decline, Peanut witches’ broom, Elm yellows.

Knrwuesvle cnosa. dutonaTtoreH, ugeHTU(UKA-
uus, TP, puTomiasmMossl, MJI0L0BbIE KyJIbTYPhI, Ka-
PaHTUH pacTeHUu.

BBEJEHUE

urorutasmel  Candidatus Phyto-
plasma mali, Candidatus Phyto-
plasma pyri, Candidatus Phyto-
plasma prunorum rpymmnsl Apple
proliferation (16SrX) — omHu u3
Haubojiee OIACHBIX U SKOHO-
MMWYECKM 3HayuMbIX Qurormna-
TOTE€HOB [JIsI TLJIOLOBBIX U 3KO-
HOMMWYECKM 3HAUYMMBIX [IJII CEJIbCKOXO3SIMCTBEHHBIX
KyJIbTYP He TOJbKO IJs Poccuiickoir ®emepaiuu, HO
u 1Jis 3apyoexxHbix crpaH (Picard et al., 2018; Bash-
kirova et al., 2019; gd.eppo.int). Bo36yguTesb eBpo-
MMEMCKOU JKENTYXU KOCTOUKOBBIX SIBJISIETCS KapaH-
TUHHBIM BpeIHBIM opraHuaMoM (KBO) mJjiss MHOTHUX
cTpaH, HampuMmep nJasa Baxperina, Mspawns, VMopaa-
Huu, Kanazgel, MonmoBel, TyHUCa U OPYrUX, a TaKXe
peryaupyeMblM HeKapaHTUHHBIM BpeJHbIM OPTaHU3-
MOM [JIsI CTpaH EBporiefickoro corsa. Bo3byaurenu
3abosieBaHUH mTponudepannu A6JI0HU U UCTOIIEHUS
rpymn oTHocsaATcsa kK KBO pmjisg ApreHTuHbl, Baxpeii-
Ha, bpasunuu, Mosngossl, HopBeruu u npyrux cTpas
¥ K KapaHTWHHBIM BPENHBIM OpTaHU3MaM, Or'paHu-
YeHHO pacHpoCTpPaHeHHBIM Ha TEPPUTOPUU CTPaH
EASC (BamkupoBa u mp., 2018b; KapumoBa u map.,
2019; gd.eppo.int).

duToriazMbl — GUTOIIATOTeHHbIE TTPOKAPUOTHI
pona Candidatus Phytoplasma BHyTpu Kyiacca Molli-
cutes. JIpyruMu npefcTaBUTENSIMU JaHHOTO Kjacca
SIBJISIOTCS MUKOTLJIa3Mbl, aX0JIeIlJIa3Mbl, CIIMPOTLIa3-
MBI ¥ MHBbIE MUKPOOPTaHU3MbI. Bce M3BECTHbIE BUIBI
u3 pojna Candidatus Phytoplasma IBJISII0TCS PACTUTEb-
HBIMU MTaToreHamMu. OHU 6JIM3KU K 6aKTEePUSIM U3 pojlia
Bacillus, Clostridium wn Streptococcus (CBupumoBa, Baub-
KoBa, 2012; T'mpcosa u 1p., 2013; MCOM 27, 2018).

CoBepIlleHCTBOBaHYME MOJIEKYJISIPHO-TEeHETUYe-
CKUX METOJIOB TI03BOJIUJIO ITPOBECTU HCCIELOBaHME
reHOMa 3TOM I'PYIIITbl MUKPOOPIaHM3MOB, OTIPEJIEIUTD
KOHCepPBaTUBHbIE TeHbI U pa3paboTaTh 6ojiee TOUHYIO
KJaccudukanuio. lmarHocTrka uToriaasM u ux gpu-
JIOTEHETUYECKUY aHaJIM3 OCHOBAaHBI HA UCCIIEN0BAaHUU
tparmenToB reHoB 16S-23S pPHK, 111 KOTOPBIX pas-
pa6oran koMILIeKc npanmepoB (Woese, 2000). Jlag
IIpeBapuUTEeIbHOY Ki1accupuKauy (pUTOIIa3M yalle
BCET0 UCIIOJIb3YIOT TeHEeTUUeCcKre Pa3jinuns B MapKe-
pe —rete 16S pPHK. I'eHeTrueckoe pasiuuuve Mexiy
npencraBuTtensamu poaa Candidatus Phytoplasma rpa-
(buuecku nipeicTaBASAIOT B BUuZe QUIOTeHEeTUUeCKUX
nepesbeB (Lee et al., 2000; Jomantiene et al., 2002; Wei
et al., 2008).

IJysg coBpeMeHHOU kJylaccudukanuu GUTO-
I1JIa3M KCIIOJIb3YIOT ITOPOTOBOE 3HAUYEHUE CXOJICTBA

we used a collection of phytoplasma DNA from various
groups: Apple proliferation, Stolbur, Foxtail palm yel-
low decline, Peanut witches’ broom and Elm yellows.
Key words. Phytopathogen, identification, PCR,
phytoplasmoses, fruit crops, plant quarantine.

INTRODUCTION

hytoplasmas Candidatus Phytoplasma mali,

Candidatus Phytoplasma pyri, Candidatus

Phytoplasma prunorum of Apple prolifera-

tion group (16SrX) are one of the most dan-

gerous and economically significant phyto-
pathogens for fruit and economically significant for
agricultural crops not only for the Russian Federation,
but also for other countries (Picard et al., 2018; Bash-
kirova et al., 2019; gd.eppo.int). The causative agent of
European stone fruit yellows is a quarantine pest for
many countries, such as Bahrain, Israel, Jordan, Cana-
da, Moldova, Tunisia and others, as well as a regulated
non-quarantine pest for the countries of the European
Union. The causative agents of apple proliferation and
pear decline belong to quarantine pests for Argentina,
Bahrain, Brazil, Moldova, Norway and other countries
and to quarantine pests that are limitedly spread on
the territory of the EAEU countries (Bashkirova et al.,
2018b; Karimova et al., 2019; gd.eppo.int).

Phytoplasmas are phytopathogenic prokaryotes
of the genus Candidatus Phytoplasma within the class
Mollicutes. Other representatives of this class are my-
coplasmas, achholeplasmas, spiroplasmas and other
microorganisms. All known species of the genus Candi-
datus Phytoplasma are plant pathogens. They are close
to bacteria of the genus Bacillus, Clostridium and Strep-
tococcus (Sviridova, Vankova, 2012; Girsova et al., 2013;
ISPM 27, 2018).

Improvement in molecular genetic methods has
made it possible to study the genome of this group of
microorganisms, identify conservative genes, and de-
velop a more accurate classification. The diagnosis of
phytoplasmas and their phylogenetic analysis is based
on the study of 16S-23S rRNA gene fragments, for
which a set of primers was developed (Woese, 2000).
For the preliminary classification of phytoplasmas, ge-
netic differences in the marker, the 16S rRNA gene, are
most often used. The genetic difference between mem-
bers of the genus Candidatus Phytoplasma is graphical-
ly represented as phylogenetic trees (Lee et al., 2000;
Jomantiene et al., 2002; Wei et al., 2008).

For the modern phytoplasmas classification,
a threshold similarity of the nucleotide sequences of
the 16S rRNA gene equal to 97.5% is used. For example,
differences in the sequences of one gene region during
interspecific comparison of phytoplasmas from the

AsrycT Ne 3 (11) 2022 27



OUWATHOCTUKA  DIAGNOSTICS

HYKJIEOTUJHBIX ITOCJeHOoBaTeJbHOCTEN reHa 16S
pPHK, paBHOoe 97,5%. HannpuMep, pa3inuyud B I10cCJie-
JIOBaTEJIbHOCTSX OJHOTO yYacTKa reHa IIPU MEXBHU-
JIOBOM CpaBHeHUU (UTOILIIA3M M3 IPYIIbI Apple pro-
liferation cocraBunu: Candidatus Phytoplasma mali/
Candidatus Phytoplasma pyri — 1,0-1,1%; Candidatus
Phytoplasma mali/Candidatus Phytoplasma pruno-
rum - 1,3-1,5% u Candidatus Phytoplasma pyri/Candi-
datus Phytoplasma prunorum — 1,2-1,3% (Seemdiller,
Schneider, 2004; IRPCM, 2004). [To cpaBHEHUIO C BUa-
Mu u3 poga Bacillus puTorIa3Mbl UMEOT HEOOJBIION
TeHOM: OH cocTouT 13 680-1600 TrIcAY ITap HyKJIEOTU-
noB (Duduk, 2009).

@UTOMJIa3Mbl IEPEHOCATCS C TIOMOIILBI0 Hace-
KOMBIX U3 oTpsana Homoptera, mogoTpsamoB Psyllinea,
Cicadinea, wiu Auchenorrhyncha. JokazaHo, 4To pac-
poCTpaHeHue BO30OyAuTENST npoaudepanuu g60-
Hu — Candidatus Phytoplasma mali — ocyuiecTBisieTcs
Bunamu Cacopsylla picta Foerster (curonum C. costalis),
C. melanoneura (Foerster, 1848) u Fieberiella florii (Stal,
1864) (Mehle et al., 2011). HacekoMble-IePEHOCUNKU
pacmpocTpaHeHsl B Pecriy6siuke KpeiM, Ha CeBepHOM
KaBka3se, Ha fore VIpKyTCKOM 06J1aCTY ¥ Ha TEPPUTOPUY
CHT (TTpuxonpko, MaTsmioBa, 2015). Candidatus Phyto-
plasma pyri, BO36yAuTeN b UCTOLIEHUS TPYIIN, TIepe-
HocuTcs ¢ moMotbio Cacopsylla pyri (Linnaeus, 1758),
C. pyrisuga (Foerster, 1848) u Psylla pyricola (Foerster,
1848). 3Ty BUAbI BRIBJIEHBI HA TEPPUTOPUY [JaIbHETO
BocToxka, CeBepHoro Kaskasza u CHI' (MaTsiroBa, Mo-
posoBa, 2016; Bamkuposa u Ip., 2018a). B ecTecTBeH-
HBIX YCJIOBUSX IIEPEHOCYNKOM BO3OYIUTEST €BPOIIEi-
CKOM JKeJITyXUW KOCTOUKOBBIX — Candidatus Phytoplasma
prunorum — gBasgetcs C. pruni (Scopoli, 1763) (Wein-
traub, Beanland, 2006), KOTOpbIA pacmpocTpaHeH
B Peciy6iuke KpbiM 1 Ha I0kHOM KaBkase ([ITHelimep
u ap., 2017). K XxapakTepHbIM CUMIITOMaM 3apaxe-
Hug duronnmazMamu u3 rpynmnsl Apple proliferation
OTHOCSTCS: BETBAIIMECS IT0OETY «BeIbMUHBI METJIIBI»,
MEJIKUE JIUCThS C YBEIMUEHHBIMU MTPUIUCTHUKAMU,
TIOXKEeJITEHVE U ITOKPACHEHYE JINCThEB, CKPYUYUBAHYE
¥ XJIOPOTU3AIIYS IUCTbEB, HEKPO3 (hJ10oMbI (puc. 1).

Il AUarHOCTUKY U UJeHTU(UKAIMY BO30OYAU-
TeJsiel pUTOIIIIa3M030B U3 rpymnnbl Apple proliferation
HUCTOJb3YIT COBPEMEHHbBIE MOJIEKYJISIPHO-T€HETH-
yeckue MeTonbl (MCOM 27, 2018). B ganHoii paboTe
IpoBo M n3ydenue puronaroreHos Candidatus Phy-
toplasma mali, Candidatus Phytoplasma pyri, Candidatus
Phytoplasma prunorum c ucrojib3oBaHUeM IIpaiiMe-
POB, PEKOMeHIOBaHHBIX B myosnukanusax Nikoli¢ et. al.
(2010), Mehle et al. (2013), Jarausch et al. (1994), za oc-
HOBe usyueHus ¢GparMeHToB reHoB 16S-23S pPHK.

MATEPUAJIbBI U METO/IbI

B skcriepuMeHTax ucnoJib3oBaiu JHK duromniaasm
u3 pa3IUYHBIX KoJneknuii: 1) Candidatus Phytoplas-
ma mali; 2) Candidatus Phytoplasma pyri; 3) Candidatus
Phytoplasma prunorum; 4) Candidatus Phytoplasma
solani; 5) Candidatus Phytoplasma asteris; 6) Candida-
tus Phytoplasma convolvuli; 7) Candidatus Phytoplasma
rubi.

VI3 3apa’keHHOr'0 PACTUTEIBHOTO MaTepraja ocy-
IeCTBJIAIU dKcTpakiuio JHK ¢uronartoreHoB Candi-
datus Phytoplasma prunorum, Candidatus Phytoplas-
ma solani, Candidatus Phytoplasma asteris, Candidatus
Phytoplasma convolvuli koMmMepueckuMu HabopaMu
«qutoCop6/CytoSorb» u «Cop6-I'MO-B» (000 «CuH-
TOJI», Poccus).

Apple proliferation group were: Candidatus Phytoplas-
ma mali/Candidatus Phytoplasma pyri — 1.0-1.1%;
Candidatus Phytoplasma mali/Candidatus Phytoplasma
prunorum — 1.3-1.5% and Candidatus Phytoplasma
pyri/Candidatus Phytoplasma prunorum — 1.2-1.3%
(Seemdiller and Schneider, 2004; IRPCM, 2004). Com-
pared to species of the genus Bacillus, phytoplasmas
have a small genome: it consists of 680-1600 base
pairs (Duduk, 2009).

Phytoplasmas are transmitted by insects from
the order Homoptera, the suborders Psyllinea, Cica-
dinea, or Auchenorrhyncha. It has been proven that
the spread of the causative agent of apple prolifera-
tion, Candidatus Phytoplasma mali, is carried out by
the species Cacopsylla picta Foerster (synonym of C. cos-
talis), C. melanoneura (Foerster, 1848), and Fieberiella flo-
rii (Stal, 1864) (Mehle et al., 2011). Insect vectors are
common in the Republic of Crimea, in the North Cauca-
sus, in the south of Irkutsk Oblast and in the CIS (Prik-
hodko and Matyashova, 2015). Candidatus Phytoplasma
pyri, the causative agent of pear decline, is transmit-
ted by Cacopsylla pyri (Linnaeus, 1758), C. pyrisuga (Fo-
erster, 1848) and Psylila pyricola (Foerster, 1848). These
species have been identified in the Far East, North Cau-
casus, and the CIS (Matyashova and Morozova, 2016;
Bashkirova et al., 2018a). In natural conditions, the
vector of European stone fruit yellows, Candidatus Phy-
toplasma prunorum, is C. pruni (Scopoli, 1763) (Wein-
traub, Beanland, 2006), which is spread in the Repub-
lic of Crimea and the South Caucasus (Shneyder et al.,
2017). The characteristic symptoms of infection with
phytoplasmas from the Apple proliferation group in-
clude: branching shoots of the “witch’s broom”, small
leaves with enlarged stipules, yellowing and reddening
of the leaves, twisting and chloritization of the leaves,
and phloem necrosis (Fig. 1).

For the diagnosis and identification of pathogens
of phytoplasmoses from the Apple proliferation group,
modern molecular genetic methods are used (ISPM 27,
2018). In this work, the study of phytopathogens Candi-
datus Phytoplasma mali, Candidatus Phytoplasma pyri,
Candidatus Phytoplasma prunorum was carried out us-
ing primers recommended in the publications of Ni-
koli¢ et. al. (2010), Mehle et al. (2013), Jarausch et al.
(1994), based on the study of 16S-23S rRNA gene frag-
ments.

MATERIALS AND METHODS

The experiments used phytoplasma DNA from diffe-
rent collections: 1) Candidatus Phytoplasma mali;
2) Candidatus Phytoplasma pyri; 3) Candidatus Phyto-
plasma prunorum; 4) Candidatus Phytoplasma solani;
5) Candidatus Phytoplasma asteris; 6) Candidatus Phy-
toplasma convolvuli; 7) Candidatus Phytoplasma rubi.

DNA of phytopathogens Candidatus Phytoplasma
prunorum, Candidatus Phytoplasma solani, Candidatus
Phytoplasma asteris, Candidatus Phytoplasma convol-
vuli was extracted from infected plant material with
commercial kits CytoSorb and Sorb-GMO-B (Syntol,
Russia).

To diagnose phytoplasmas from the Apple proli-
feration group by real-time PCR (RT-PCR), specific F/R
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Puc. 1. CuMnTOMbI MOKPACHEHUS NMUCTbEB rpyLun,

(choTo W.T. BawkunpoBsoit)

I [varHoCTUKY (UTOILIA3M U3 TPYIIITEI Apple
proliferation meTomom IILIP B pealbHOM BpeMeHU
(TTLIP-PB) ucmoyib30Baau criequduUYHbIe IpaiMephl
F/R (Nikoli¢ et al., 2010; Mehle et al., 2013):

npsmon npaiimep (F):

5'-TGGTTAGAGCACACGCCTGAT-3 ",

obpaTHbIit Tpaiimep (R):

5'-TCCACTGTGCGCCCTTAATT-3".

Ins mpoBepku paboTel mpatiMmepoB F/R (Nikolié et
al., 2010; Mehle et al., 2013) ucnonbzoBayiu 2,5-Kpat-
HYI0 peaKIMOHHYI0 cMech njiga nposenenud [111P-PB
B mpucyTcTBuu Kpacuresig EVA Green (OO0 «CUHTO»).

IOnsa npeHTrUKAIIY BO36yauTes rpoaudepa-
nuu g6youu — Candidatus Phytoplasma mali — MmeTogom
kjaccuuecko I[MIP ucnosb30Banu mapy rnpaiMepoB
AP5/AP4 (Jarausch et al., 1994):

npsMoii npatimep (AP5):

5'-TCTTTTAATCTTCAACCATGGC-3",

obpaTHbIi ITpaiimep (AP4):

5'-CCAATGTGTGAAATCTGTAG-3".

BesnuyuHa MpoAyKTa aMIIU(MUKALIUY C TIpaii-
mepamu AP5/AP4 (Jarausch et al., 1994) cocTaBisieT
0KOJIO 483 map HyKJeoTunoB (11. H.). Micmioab3oBaau
peakiuoHHy0 cMech (Mix) 5x MasPPTaq Mix-2025
(BA0 «Iuamat JiTh.», Poccus).

[Taps! mpatiMmepoB F/R (Nikoli¢ et al., 2010; Mehle
etal.,2013) u AP5/AP4 (Jarausch et al., 1994) cuuTesu-
poBaubl KoMmnauuei 3A0 «EBporen» (Poccust) v Ipeo-
CTaBJIEHBI B IMO(UIN3UPOBAHHOM BUie. Pabouas KOH-
LIEHTpalys IJIs ITpaliMepoB cocTaBumiia 10 TMKOMOJIb/
MKJI. [TpoBoguIu aHanus nap npaiimMmepos F/R (Nikolié
etal.,, 2010; Mehle et al., 2013) u AP5/AP4 (Jarausch et
al., 1994) c ucrnoab3oBaHWEM OHJIalH-cepBuca NCBI
Primer-BLAST (ncbi.nlm.nih.gov/tools/primer-blast/),
U3yYaJId UX aHAJTUTUYECKYE XapPaKTePUCTUKY (CITeIH-
(pUYHOCTD ¥ YYBCTBUTEIBHOCTD).

CocTaB pabouel peaKIIMOHHOM CMecH JIJIs TTPOBe-
nenus metopa ITLIP (tabj. 1) pacCUUThIBAJIM Ha KOJIU-
YeCTBO UCCIeyeMbIX 06pa3I[0B M Ha OTPUILATENbHbIN

Fig. 1. Symptoms of reddening of pear leaves caused by
BbI3BaHHble 3apaxeHneM Candidatus Phytoplasma pyri  infection with Candidatus Phytoplasma pyri

(photo by I.G. Bashkirova)

primers were used (Nikoli¢ et al., 2010; Mehle et al.,
2013):

forward primer (F):

5'-TGGTTAGAGCACACGCCTGAT-3",

reverse primer (R):

5'-TCCACTGTGCGCCCTTAATT-3".

To test the performance of F/R primers (Nikoli¢ et
al., 2010; Mehle et al., 2013), a 2.5-fold reaction mix-
ture was used for real-time PCR in the presence of EVA
Green dye (Syntol).

To identify the causative agent of apple prolife-
ration, Candidatus Phytoplasma mali, by classical PCR,
a pair of primers AP5/AP4 was used (Jarausch et al.,
1994):

forward primer (AP5):

5'-TCTTTTAATCTTCAACCATGGC-3",

reverse primer (AP4):

5'-CCAATGTGTGAAATCTGTAG-3".

The size of the amplification product with primers
AP5/AP4 (Jarausch et al., 1994) is about 483 base pairs
(bp). The reaction mixture (Mix) 5x MasP’Taq Mix-2025
was used (Dialat Ltd., Russia).

Primer pairs F/R (Nikoli¢ et al., 2010; Mehle et al.,
2013) and AP5/AP4 (Jarausch et al., 1994) were synthe-
sized by Evrogen (Russia) and provided in lyophilized
form. The working concentration for the primers was
10 pmol/ul. F/R (Nikoli¢ et al., 2010; Mehle et al., 2013)
and AP5/AP4 (Jarausch et al., 1994) primer pairs were
analyzed using the NCBI Primer-BLAST online service
(ncbi.nlm.nih. gov/tools/primer-blast/), studied their
analytical characteristics (specificity and sensitivity).

The composition of the working reaction mixture
for the PCR method (Table 1) was calculated for the
number of samples under study and for the negative
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Ta6auuna 1 control sample without the ad-

CocTaB pa6oueii peaKI[MOHHO cMecH AJis mpoBeaeHus I[P dition of DNA (K-). Amplification

was carried out on CFX-96 (Bio-

F/R AP5/AP4 Rad, USA) and Veriti (Applied

N2 HauMeHoBaHUe (Nikoli¢ et al., 2010; (Jarausch Biosystems, USA) devices. Visu-

m/m peakTuBa Mehleetal,, 2013) etal,1994)  alization of the results of ampli-

1 PeaxiponHas cMech (Mix) 10 5 fication with primers AP5/AP4

(Jarausch et al., 1994) was per-

2 JllevonusupoBanHas Boga 9,4 16,5 formed using gel electrophore-
3 TIpsaMoit mpaiiMep 0,05 1 sisin 1.5‘% agarose gel. .

To implement the ampli-

4 O6GpaTHbBIN ITpaiMep 0,05 1 fication process, we used the

program for a pair of F/R prim-

2 QBLS G E 2 — ers (Nikoli¢ et al., 2010; Mehle et

6 SynTaq JHK-mmonumepasa 0,5 - al., 2013), which consisted of the

(016} iinz0%1 22
00BEM CMecH
Ha 1 o6pa3sery (MKJI)

following steps: 1) primary dena-
turation at 95 °C, 5 min; 2) repeti-
tion of the reaction for 49 cycles:
95°C-15secand 60 °C —40 sec.

25

KOHTPOJIbHEIN 06paser] 6e3 mobasmenus JHK (K-). AM-
nau(GUKAIU0 OCYIIeCTBIANN Ha mpubopax CFX-96
(Bio-Rad, CIIIA) u Veriti (Applied Biosystems, CIIIA).
Busyanusaiuio pes3ysbTaToB aMILTU(GUKAIIUY C ITpaii-
mepamu AP5/AP4 (Jarausch et al., 1994) npoBoguiu
C TIOMOIIIBIO TeJIb-2JIeKTPpodopesa B 1,5%-M arapo3HoM
ree.

Jlois ocylecTBIEHUS Mpollecca aMIInUKaIum
UCII0JIb30BAJIU TIPOTrpaMMy [IJIs Taphl mpatiMmepoB F/R
(Nikolic¢ et al., 2010; Mehle et al., 2013), koTopasi COCTO-
sJ1a U3 CIeYI0IIMX STArnoB: 1) mepBUYHas JeHaTypa-
s mpu 95 °C — 5 MUH; 2) TOBTOP PeaKIluy B TeYEHE
49 1mukJioB: 95 °C — 15 cex u 60 °C — 40 cek. Cienugpuy-
Has peakilys MPOXOAUT MO KaHay (QJIyopecleHIIun
FAM, BHYTPEHHUH MTOJIOKUTEIbHBIN KOHTPOJIb (BITK) —
o kaHasy ¢uyopectuennuu HEX.

IMporpamMMa aMIIMDUKAIIUY IJIS TTaphl ITpai-
mepoB AP5/AP4 (Jarausch et al., 1994) cnenytomias:
1) mepBuuHasg meHarypanus npu 95 °C — 5 MuH;
2) IUKIUYHas peakiius B TeueHue 40 UKIOB: 95 °C —
10 cek, 58 °C — 15 cek, 72 °C — 45 cek; 3) hbuHaabHas
ajoHragug rnpu 72 °C — 5 MuH.

Table 1
PE3YJIBTATbI

N OBCYXIEHUE
B pa6oTe nmpoBemeHO U3yueHUe
IByX map npaiimepos — F/R (Ni- .
koli¢ et al., 2010; Mehle et al., Ne

Reagent name

Specific reaction passes through

the FAM fluorescence channel,
internal positive control (IPC) — through the HEX fluo-
rescence channel.

The amplification program for the AP5/AP4 prim-
er pair (Jarausch et al., 1994) is as follows: 1) prima-
ry denaturation at 95 °C, 5 min; 2) cyclic reaction for
40 cycles: 95 °C—-10sec, 58 °C - 15 sec, 72 °C — 45 sec;
3) final elongation at 72 °C — 5 min.

RESULTS AND DISCUSSION

We studied two pairs of primers — F/R (Nikoli¢ et al.,
2010; Mehle et al., 2013) and AP5/AP4 (Jarausch et al.,
1994) — to identify phytoplasmas from the Apple proli-
feration group and identify the species Candidatus Phy-
toplasma mali respectively.

Nikoli¢ et al. (2010) and Mehle et al. (2013) sug-
gest using species-specific MGB-probes (MGB — mi-
nor groove binder) to identify phytoplasmas from the
Apple proliferation group: AP-specific probe to iden-
tify the species Candidatus Phytoplasma mali; PD-spe-
cific probe — Candidatus Phytoplasma pyri; ESFY-spe-
cific probe — Candidatus Phytoplasma prunorum.

The composition of the working reaction mixture for PCR

F/R AP5/AP4
(Nikoli¢ et al., 2010; (Jarausch
Mehle et al., 2013) etal., 1994)

2013) u AP5/AP4 (Jarausch et

al., 1994) — nys BoigBaeHUS Gu-
TOIIa3M u3 rpyrisl Apple proli-

feration u umeHTUDUKAIINY BULA

Candidatus Phytoplasma mali co-
OTBETCTBEHHO.

ATtopsl Nikoli¢ et al. (2010)

u Mehle et al. (2013) mpeaaaraioT
KCIIOJNIb30BaTh IJIA BHIABJICHUS

1 Reaction mixture Mix) 10 5

2 Deionized water 9.4 16.5
3 Forward primer 0.05 1

4 Reverse primer 0.05 1

5 Phytoplasma DNA 2 1.5
6

SynTaqg DNA polymerase 0.5 -

(uronnasm u3 rpynnsl Apple  The total volume
proliferation Bugocneuudud- of the mixture

uble MGB-30uABl (MGB — mi-  per1 sample (ul)
nor groove binder): AP-specific

22 25

probe masg uaeHTUPUKAIIUU
Bugna Candidatus Phytoplasma
mali; PD-specific probe — Candidatus Phytoplasma
pyri; ESFY-specific probe — Candidatus Phytoplasma
prunorum. [IpeunmymiectsaMu MGB-30H,0B 9BIIAI0TCA

duTtocaHutapus. KapanTtuH pactenuin 30



OWATHOCTUKA  DIAGNOSTICS

IIPOYHOE CBS3BIBAHWE C MU-
IIeHb10, 60JIee KOPOTKAS HYKJIEO-
TUHAS MTOCJENOBATENBHOCTD,
cnenuUYIHOCTD, OHAKO TaKue
30H[IbI HE CUHTE3UPYIT B Poc-
CUU W MCIIOJIb30BAaHUE TaKUX
30HJIOB YBEJINYNBAET CTOMMOCTh
IIpoBefeHus aHaim3a (bammako-
Ba, 2017; EnmiuH, [TeTpos, 2017).
B CBSI3M C 3TUM B UCCIIENOBAHUSIX
WCII0JIb30BaJIU 2,5-KPaTHYIO pe-
aKIIMOHHYI0 CMECH C KPaCUTEJIEM
EVA Green (OO0 «CUHTOI»).
Iuist msyvyeHus crienudud-
HOCTU Tapsl mpaliMepoB F/R
(Nikoli¢ et al., 2010; Mehle et al.,
2013) ucrnonb3oBanu JHK du-
TOIJIa3M U3 Pa3JIMUHBIX T'PYIIITL:
Candidatus Phytoplasma mali,
Candidatus Phytoplasma pyri,
Candidatus Phytoplasma pruno-
rum (rpynna Apple prolifera-
tion), Candidatus Phytoplasma
solani (rpynma Stolbur), Candi-
datus Phytoplasma asteris (rpyr-

Amplification

RFU

T PR

T SRR 0 A LR L L R R LR

=

Puc. 2. AHanuTnuyeckasa cneunuIHOCTb
nparimepoB F/R (Nikoli¢ et al., 2010; Mehle
et al., 2013), kaHan chnyopecueHuun FAM:
1 - Candidatus Phytoplasma prunorum;

2 - Candidatus Phytoplasma mali;
3 - Candidatus Phytoplasma pyri;
4 - Candidatus Phytoplasma solani;
5 - Candidatus Phytoplasma rubi;

6 — Candidatus Phytoplasma convolvuli;

7 — Candidatus Phytoplasma asteris;
K- — oTpuuarenbHbii koHTpons (H,0)
(nHTepdpeiic Bio-Rad CFX Manager

3.1: Amplification — amnaundukauus;

30 40 50
Cycles

Fig. 2. Analytical specificity of F/R primers
(Nikoli¢ et al., 2010; Mehle et al., 2013), FAM
fluorescence channel:

1 - Candidatus Phytoplasma prunorum;

2 - Candidatus Phytoplasma mali;

3 - Candidatus Phytoplasma pyri;

4 - Candidatus Phytoplasma solani;

5 — Candidatus Phytoplasma rubi;

6 — Candidatus Phytoplasma convolvuli;

7 — Candidatus Phytoplasma asteris;

K- - negative control (H,0) (Bio-Rad CFX
Manager 3.1 interface: Amplification;

RFU - relative fluorescence unit; Cycles)

rma Foxtail palm yellow decline),
Candidatus Phytoplasma con-
volvuli (rpymma Peanut witches’
broom), Candidatus Phytoplasma

RFU — oTHOoCuTenbHas eauHuLa
thnyopecueHumm; Cycles — umknbl)

Amplification

rubi (rpynma Elm yellows). Pe- 1890
3yAbTATHl NPOXOXKZeHHus I[1LIP 1400 J
Cco criellupuUYHBbIMU IJS TPYII- 1200 -
el Apple proliferation mpatime- 1000
paMu IIpeficTaBJIeHbl HA PUCYH- g 500
Kax 2 u 3. 600 ]
PesynbTaThl 110 U3YUEHUIO
crnenu(pUUYHOCTU IMpaliMepoB 401
F/R (Nicolic et al., 2010; Mehle 200 1
et al., 2013) mmoxa3bIBAIOT BO3- 04
MOJKHOCTb MX MCIIOJIb30BaHUSI 0

LIS UarHOCTUKYU (pUTOMIIa3M
Candidatus Phytoplasma mali,
Candidatus Phytoplasma pyri,
Candidatus Phytoplasma pruno-
rum u3 rpynmnsl Apple proli-
feration. OmHako, MOMUMO HC-
cjielyeMbIX BUIOB (DUTOIIIAa3M
u3 rpynnsl Apple proliferation,
IIpaiMephl CIIOCOOHBI BBIIBUTH
IOHK gpyrux BUJoB QUTOILIA3M:
Candidatus Phytoplasma solani, Candidatus Phyto-
plasma convolvuli, Candidatus Phytoplasma asteris.
VHTMOupoBaHMe peaKIuy He HabJII0aJIoCh 10 pe-
3yJIbTAaTaM PEAKIIUY C BHYTPEHHUM IT0JIOKUTEIbHBIM
KOHTpPOJIeM (puUC. 3), KOTOPBIHN ITPOXOIAUI 110 KaHALY
dayopecueniiuu HEX. B xozie ucciaeloBaHUM 110 ITPO-
Bepke napbl npatimepos F/R (Nikoli¢ et al., 2010; Me-
hle et al., 2013) c momomIbi0 oHJalH-cepBuca NCBI
Primer-BLAST (ncbi.nlm.nih.gov/tools/primer-blast/)
YCTaHOBJIEHO, UTO 3Ta ITapa MpaliMepoOB MOXKET BBISI-
BUTH NITAMMBI CJIEAYIOIINX BUAOB GuTomniaazm: Can-
didatus Phytoplasma australiense, Candidatus Phyto-
plasma solani, X-disease phytoplasma, Candidatus
Phytoplasma rubi, Candidatus Phytoplasma asteris,
Paulownia witches’ broom phytoplasma, Candida-
tus phytoplasma malaysianum u gpyrux U3 pa3HbIX
TPYIIIIL.

Puc. 3. PesynbraTbl NPOX0XAEHUSA BHYTPEHHErO
NMOJIOXXUTENbHOIO KOHTPOJIA 2,5-KpaTHo
peakunoHHON cMecu ¢ KpacuTenem EVA

Green no kaHany ¢nyopecueHumun HEX

(000 «CuHTON») (MHTEpchelic Bio-Rad CFX
Manager 3.1: Amplification — amnnudmkanus;
RFU - oTHOCMTeNbHasA eguHMLa
thnyopecueHuuu; Cycles — uuknbi)

Cycles

Fig. 3. Results of passing the internal
positive control of a 2.5-fold reaction
mixture with EVA Green dye through
the HEX fluorescence channel

(Syntol) (Bio-Rad CFX Manager 3.1
interface: Amplification; RFU - relative
fluorescence unit; Cycles)

The advantages of MGB probes are strong target bind-
ing, shorter nucleotide sequence, and specificity; how-
ever, such probes are not synthesized in Russia, and
the use of such probes increases the cost of analysis
(Bashmakova, 2017; Elshin and Petrov, 2017). In this
regard, a 2.5-fold reaction mixture with the EVA Green
dye (Syntol) was used in the studies.

To study the specificity of the F/R primer pair
(Nikolic et al., 2010; Mehle et al., 2013), phytoplasma
DNA from different groups was used: Candidatus Phy-
toplasma mali, Candidatus Phytoplasma pyri, Candida-
tus Phytoplasma prunorum (Apple proliferation group),
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[TpoaHamM3MpPOBaB JaHHbBIE, MOXXHO C/IEJIATh BhI-
BOZ, uTO mapy mnpaiimepos F/R (Nikoli¢ et al., 2010;
Mehle et al., 2013) pekoMeHAyeTCS UCIOJb30BaTh
B KaueCcTBe YHUBEPCAJIbHOTO TECTA AJISI JUATHOCTUKU
¢uTornazm rpynnsl Apple proliferation u psama npy-
rux BUJOB uToriaasM metonom ITI[P-PB. B ciyuae
[IOJIyUYEeHU S II0JIOKUTEeNbHOro pesynbrara [11IP-PB,
Heo6X0JMMO MPOBECTU BUJIOBYIO UAEHTUDUKAIIWIO
¢uTomIa3M METOIOM KJjlaccuueckoi ITLIP ¢ ToMOoIIbI0
paiMepoB, PEKOMEHJYEMbBIX B JUATHOCTUYECKUX
mpoTokosiax MCO®M 27 (2018) u PM 7/62 (3) (2020),
C TIOCJIENYIOIMM CEKBEHUPOBAHUEM MPOAYKTOB aM-
mudukanuu. TakuM 06pa3oM, IpuMeHeHVEe YKa3aH-
HBIX ITPaliMepPOB BO3MOXXHO TOJIBKO JJIsI BbISBJIEHUS
¢uTomnnasM, Bktouas Bunsl Candidatus Phytoplasma
mali, Candidatus Phytoplasma pyri, Candidatus Phyto-
plasma prunorum u3 rpymrsl Apple proliferation.

ClienyIolyiM 3TaTrioM UCCliefOoBaHUM OBIIO ITPOBe-
IleHVe IIPOBEPKY IMapkl rmpaiiMepoB AP5/AP4 (Jarausch
etal., 1994) c ucroab3oBaHrEM OHJIaliH-cepBuca NCBI
Primer-BLAST (nchi.nlm.nih.gov/tools/primer-blast/).
ViccnenoBaHue MMOKasajo, YTO pacCMaTpUBaeMbIe
paiiMepbl MOTYT BBISIBUTh HECKOJIBKO U30JISTOB (pu-
ToriaaMbl Candidatus Phytoplasma mali u3 rpynmsl
Apple proliferation, koTopsie eTTOHUPOBAHbBI B 6azy
naHHbIX NCBI.

Jlajiee oCyIIeCTBISAIN UCCIEIOBAHYS 110 U3yyde-
HUIO aHAJIUTUYECKUX XapPaKTePUCTHUK ITaphl Ipaiime-
poB AP5/AP4 (Jarausch et al., 1994) nng uneHTU(GUKA-
1yu Bo30yauTens nponudepanuu 16aouu — Candidatus
Phytoplasma mali. Pe3ynbTaThl M3y4eHUsI aHATUTIYE-
CKOI cTIelM(pUIHOCTY TPAMEPOB C UCITOJIb30BAHUEM
IOHK pa3HbIX BUZOB (DUTOTLIAa3M IIPEICTABIEHBI HA PU-
CYHKe 4.

Puc. 4. 3nekTpochoperpamMma aHanMTUUECKOM
crneuuduyHocTun npariMepoB AP5/AP4 (Jarausch et al., 1994):
1 - Candidatus Phytoplasma mali;

2 - Candidatus Phytoplasma pyri;

3 - Candidatus Phytoplasma prunorum;

4 - Candidatus Phytoplasma solani;

5 — Candidatus Phytoplasma rubi;

K- — oTpuuatenbHbii kKoHTponb (H,0);

M — mapkep MonekynsipHoro seca 100-3000 n. H.

Fig. 4. Electrophoregram of the analytical specificity
of AP5/AP4 primers (Jarausch et al., 1994):

1 - Candidatus Phytoplasma mali;

2 - Candidatus Phytoplasma pyri;

3 - Candidatus Phytoplasma prunorum;

4 - Candidatus Phytoplasma solani;

5 — Candidatus Phytoplasma rubi;

K- — negative control (H,0);

M — molecular weight marker 100-3000 bp.

Candidatus Phytoplasma solani (Stolbur group), Candi-
datus Phytoplasma asteris (Foxtail palm yellow decline
group), Candidatus Phytoplasma convolvuli (Peanut
witches’ broom group), Candidatus Phytoplasma rubi
(Elm yellows group). The results of PCR with primers
specific for the Apple proliferation group are shown in
Figures 2 and 3.

The results of studying the specificity of F/R prim-
ers (Nicolic et al., 2010; Mehle et al., 2013) show the pos-
sibility of their use for the diagnosis of phytoplasmas
Candidatus Phytoplasma mali, Candidatus Phytoplasma
pyri, Candidatus Phytoplasma prunorum from the Apple
proliferation group. However, in addition to the stud-
ied phytoplasma species from the Apple proliferation
group, primers are able to detect DNA of other phyto-
plasma species: Candidatus Phytoplasma solani, Candi-
datus Phytoplasma convolvuli, Candidatus Phytoplasma
asteris. Inhibition of the reaction was not observed as
a result of the reaction with an internal positive control
(Fig. 3), which passed through the HEX fluorescence
channel. In studies testing the F/R primer pair (Nikoli¢
et al., 2010; Mehle et al., 2013) using the NCBI Primer-
BLAST online service (nchi.nlm.nih.gov/tools/prim-
er-blast/) it was found that this pair of primers can detect
strains of the following phytoplasma species: Candida-
tus Phytoplasma australiense, Candidatus Phytoplasma
solani, X-disease phytoplasma, Candidatus Phytoplasma
rubi, Candidatus Phytoplasma asteris, Paulownia witch-
es’ broom phytoplasma, Candidatus phytoplasma malay-
sianum and others from different groups.

Having analyzed the data, it can be concluded that
the primer pair F/R (Nikoli¢ et al., 2010; Mehle et al.,
2013) is recommended to be used as a universal test
for diagnosing phytoplasmas of the Apple prolifera-
tion group and a number of other phytoplasma species
by RT-PCR. If a positive RT-PCR result is obtained, it
is necessary to carry out species identification of phy-
toplasmas by classical PCR using the primers recom-
mended in the diagnostic protocols ISPM 27 (2018)
and PM 7/62 (3) (2020), followed by sequencing of the
amplification products. Thus, these primers can only
be used to detect phytoplasmas, including Candidatus
Phytoplasma mali, Candidatus Phytoplasma pyri, Can-
didatus Phytoplasma prunorum from the Apple proli-
feration group.

The next stage of the study was to test the AP5/
AP4 primer pair (Jarausch et al., 1994) using the NCBI
Primer-BLAST online service (nchi.nlm.nih.gov/tools/
primer-blast/). The study showed that the primers under
consideration can reveal several isolates of Candidatus
Phytoplasma mali phytoplasma from the Apple prolife-
ration group, which are deposited in the NCBI database.

Further studies were carried out to study the ana-
lytical characteristics of the AP5/AP4 primer pair (Ja-
rausch et al., 1994) to identify the causative agent of
apple proliferation, Candidatus Phytoplasma mali. The
results of studying the analytical specificity of primers
using DNA from different types of phytoplasmas are
shown in Figure 4.

The desired amplification product of approxi-
mately 483 bp was obtained, sample 1 containing Can-
didatus Phytoplasma mali DNA (Fig. 4), which indicates
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p— S R N Y

Puc. 5. 3nekTpodoperpamma
aHaJIUTUYECKOW YyBCTBUTEIbHOCTU

Cc ucnonb3oBaHuem paspegeHus JHK
Candidatus Phytoplasma mali:

UCX — UcxogHasa KoHueHTpauna JHK
¢utonnasmel; -1 -107%; -2 - 1073
-3-1073%-4-10"%-5-105 -6 -10%;
-7 —=1077; K-— oTpuuartenbHbIii
KoHTponb (H,0); M — mapkep

monekynsapHoro seca 100-3000 n. H. 100-3000 bp

[TosryueH HEOOXOAMMBIHN MPOAYKT aMIIU(pUKA-
LMY, PaBHBIYU NIpuMepHO 483 1. H. y o6pasiia MmoJ Ho-
MepoMm 1 — IHK Candidatus Phytoplasma mali (puc. 4),
YTO CBUJETENBCTBYET O CIeU(pUYHOCTU Iaphl Ipaii-
MepoB AP5/AP4 (Jarausch et al., 1994). IHK npyrux
BUJIOB (prTOMIAa3M He GbLjIa JeTEKTUPOBAaHA HA DJIeK-
TpodoperpamMmme.

[Tocjie n3yyeHNs aHAJIUTUYECKOU CcrIeliu)UUHO-
ctu npaiiMepoB AP5/AP4 (Jarausch et al., 1994) nipu-
CTYTIWIIY K UBYYEHUIO UX aHATIUTUYECKOU UyBCTBUTENb-
HOCTHU. [IJi 3TOro mMpoBowin 10-KpaTHOE pa3BeleHue
IOHK ¢duTonaToreHHOro MUKpoopranusma Candidatus
Phytoplasma mali, ucxomtas konrenTpanusa JJHK pas-
Ha 30,8 Hr/MKJI. Pe3yibTaThl UCCIeI0BaHUS aHAJIUTUYE-
CKOM YyBCTBUTEIBHOCTH IIPEJICTABIEHBI HA PUCYHKE 5.

[To pe3ynbTaTaM M3yUYeHUs aHAJIUTUYECKON UyB-
CTBUTENBHOCTH TIpatiMepoB AP5/AP4 (Jarausch et al.,
1994) BunHO, 4TO G0JIEe KAUeCTBEHHBIHN IIPOAYKT aM-
nauduUKany MoJiydyeH npu passegenuu JHK Mukpo-
opranusMa Candidatus Phytoplasma mali 8 1000 pa3s
(107°%). MeHBIIMH MPOAYKT aMILIM(DUKALIUY TTOJyUEeH
mpu pasBegeHun o6pasma B 10 000 pas (1074). Peak-
11U He cTabuibHa 1pu pasBeaeHnu JHK dhuTomniazMbl
B 100 000 pa3 (107%). [1pu majlbHENIINX pa3BeleHNUIX
MPOAYKT aMILIM(UKAIIUY OTCYTCTBOBAJ, T. . JHK BO3-
OynuTend npoaudepanuy 96J10HU He ObLIa BhISBJIEHA.
[TpoBeeHHBIN aHAJNM3 [TPAMEePOB MOKA3bIBAET UX
BBICOKYI0 UYBCTBUTEJIBHOCTD, UYTO BaXKHO IIPU HU3KOU
koHIleHTpanuu JHK ¢puTormiazMel B 3apaxeHHOM Ma-
Tepuae.

3AKJIIOYEHUME

JlJ1s1 TToJTyYeHUs JOCTOBEPHBIX PE3YJIbTATOB IIPYU U3Y-
yeHUM (QUTOINIa3M BaKHO MCIOJIb30BaTh HauboJee
UyBCTBUTEJIbHBIE U TOUHBIE MOJIEKYJIIPHO-TeHEeTHUe-
CcKue MeTojbl. [IpoBeleHHbIN aHaIn3 IpaliMepoB F/R
(Nikoli¢ et al., 2010; Mehle et al., 2013) 119 BBIABJICHUS
tuTtonnasm Candidatus Phytoplasma mali, Candidatus
Phytoplasma pyri, Candidatus Phytoplasma prunorum
TOKa3bIBAET UX HUBKYI CEJEeKTUBHOCTb B OTHOIIIE-
HUU UCCIeLyeMbIX BUJIOB (puTomaToreHoB. Ha ocHO-
BAaHWU IIOJIyYEHHBIX PE3YIbTATOB JaHHBIE ITPAMEPbI

the specificity of the AP5/AP4 primer
pair (Jarausch et al., 1994). DNA of
other phytoplasma species was not de-
tected on the electrophoregram.
Studying the analytical specifi-
city of the AP5/AP4 primers (Jarausch
et al., 1994) was followed by studying
their analytical sensitivity. For this,
a 10-fold dilution of the DNA of the
phytopathogenic microorganism Can-
didatus Phytoplasma mali was carried
out, the initial DNA concentration was
30.8 ng/ul. The results of the study of

Fig. 5. Electrophoregram of analytical ~ the analytical sensitivity are shown in
sensitivity of AP5/AP4 primers Figure 5.

npavimepoB AP5/AP4 (Jarausch et al., 1994)  (Jarausch et al., 1994) using DNA
dilution of Candidatus Phytoplasma
mali: initial concentration of
phytoplasma DNA; -1 - 107%;
-2-102%-3-1073;-4-10%
-5-10% -6 - 1075 T -
-7 - 1077; K- - negative control (H,0); diluting the DNA of the microorga-
M — molecular weight marker

According to the results of the
study of the analytical sensitivity of
primers AP5/AP4 (Jarausch et al.,
1994), it can be seen that a better am-
plification product was obtained by

nism Candidatus Phytoplasma mali by
1000 times (107%). A smaller amplifi-
cation product was obtained by dilut-
ing the sample by 10,000 times (107%).
The reaction is not stable when the phytoplasma DNA
is diluted 100,000 times (10-®). At further dilutions, the
amplification product was absent, i. e., the DNA of the
causative agent of apple proliferation was not detect-
ed. The performed analysis of primers shows their high
sensitivity, which is important at a low concentration of
phytoplasma DNA in the infected material.

CONCLUSION

To obtain reliable results in the study of phytoplasmas,
it is important to use the most sensitive and accurate
molecular genetic methods. The analysis of F/R prim-
ers (Nikoli¢ et al., 2010; Mehle et al., 2013) for the de-
tection of phytoplasmas Candidatus Phytoplasma mali,
Candidatus Phytoplasma pyri, Candidatus Phytoplasma
prunorum shows their low selectivity for the studied
species of phytopathogens. Based on the results ob-
tained, these primers are recommended to be used as
a universal test for the diagnosis of phytoplasmas.

The species-specific primer pair AP5/AP4 (Jara-
usch et al., 1994) for identifying the causative agent of
apple proliferation shows high specificity and sensiti-
vity, which is important when studying phytoplasmas.

The data obtained can be used in further research
to improve existing and develop new methods for di-
agnosing especially dangerous phytoplasmas from the
Apple proliferation group.
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